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ASCEKT 3HAJECT0HY 

The povered-aacent trajectory is effected by the eotMnAUon of the 
Tow booster > with first-stage piidaace preprogramed for the autopilot, 
and the second-utage Vanguard using its autopilot la conjunction vita 
components of the G.E. radio system. 



During' the period of coast to the design altitude of about lk2. miles, 
the leeosd stage, containing the spin-up and separation neohaaiaiD, orients 
and spins the third stage in preparation for the final Telocity increeent. 
A typical ascent trajectory is shorn schematically in Tig. 3« th* orien- 
tation, produced by the control Jets (using residual heliua) in the lecond 
stage, Is to a pitch attitude auch that the vehicle it parallel to the 
earth's surface at 55 degrees South (or Horth) latitude. After orientation, 
aid before the third stage fires, the third stage and the payload are spun 
around their roll axis to the aagslAr Telocity required to ttabilize the 
vehicle and provide the proper orieTitaiioa o! the payload, 

33ie firing of the third stage separates it froa the second stage and 
iapsrtt the final Telocity iocre=ent required to salntels a circular 
orbit. At third-stage quraout, a tssll separation 4evice is fired, sepa- 
rating the payload and leaving it, properly oriented, and spin-stabilized. 
in free susi 
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BOOgrSR COHFIGUMTgg 

Ehe booster cmMtiatien proposed for the early 
satellite is the Thar ESM sad the second stage of Vanguard, Tilth a snail 
solid rocket, alnilar In principle to the third stags of Vanguard, to 
provide a final orbital inercent. The propulsion ii thus prortfied by a 
Hquid-Uguid-solid eoBbinatian. Table 2 is a smeary of vehicle ■neigita. 

Table 2 
VehieLs Weight Susaary (lb) 

Orbital payload ................ 500 

Third stage (solid) „ 350 

Second stage (vanguard 2nd) ......... fe,130 

Initial Btege (Thor) 110,832 

Pram a preliminary structural investigation it appears that the Thor 
airframe and its major components need not be modified for the satellite 
idsjion. The Thor autopilot anj control lyfltes can be used for first, 
itage guidance, although there is Bane possibility that this system ncmld 
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inquire bobs aodificaticfl to offset the heavier load on the nose of the 
Thor aid the Increased loans during the wqent trajectory, For the 
satellite nission, the Thor inertial guidance system will not be required,, 

Ihe basic airfraae of the Vanguard second stage need not be nodified 
for this application, with the. exception of the aft interconnect structure, 
T&ieh, will have to ce designed to nate the 32-la, disaster Vanguard Kith 
the 6Vln. diaDetex Thor nose cane. The guidance system of the second- 
stage Vanguard wuld be used in conjunction vith G,3. (I07A} ccc^onents. 

The siae of the third stage has not been optialsed. However, the 
Vanguard third stage is characteristic, in concept at least, of the type 
of solid propeUant rcciet that maid be required for the present applicatica, 
{ippecdli ?) 



vi, 'Mnnsa USD hecovery 



Stacking will he required for essentially three reasons: to determine 



the orbit accurately enough for coordination of payload data; to 
trigger the braking rocket at the proper ttoe for the descent; and to 
establish the descent path so that the tenant point can be located. 

Bis number <*f trackers required and. ths spacing between tfcea is 
dictated partly by the guidance accuracy* fa insure against guidance 
inaccuracies in launching, it is proposed that tw or three traders be 
used is an airangeneat unich places tho generally vith about a £Q0-2i 
separation en a line norzal to the orbit, 

• A second factor that nasi tie considered la detemtning ths msaber and 
spacing of trackers is the deterioration of tracking accuracy at loir 
angles above the horizon. It is highly lnpartant that the satellite pass 
close enough to at least one station so that sufficient trading data can 
be obtained at angles of elevation greater than about 20 degress. For a 
nominal satellite altitude of 1*& ni, this requires that the satellite 
pass -iithin roughly 5 degress of the station, or vithia a ground range of 
about 550 al, /gain, two or three trackers at intervals of 200 si normal 
to the orbit are dictated. 

Because toe satellite is to be placed on a polar orbit, these 
objectives can be net by a small number of trackers near one of the poles. 
It seems advisable to locate the tracking stations, say three of them, 
at a high northern latitude such as in Alaska or Canada, Spacing should 
be about 200 mi in longitude. 

Bracking data vould be in the form of two angles and a range to 
permit .orbit prediction, The use of range information considerably relaxes 



the requiresent for angular accuracy. To obtain range, a transponder in 
the satellite Is required, {/ppendix G) 

Descent froa orbit U achieved by the comnd firing of 8 braking 
rocket in the satellite. Assume that the satellite is cosing over the 
pole, that it i« picked up by trackers in the north, and that an ia^act 
point in the Pacific it desired. The bracing rocket is then fired forward 
and upward, imparting a downward and backward velocity impulse super- 
icposed on the orbital velocity. Bie resulting velocity vector points 
downward, 10 that the vehicle is effectively in a ballistic trajectory 

. comparable to the 'lev-angle*, i.e., lcver-than-opticua, path of a 
long-range ballistic sissile. - 

TracSiiig of the vehicle immediately after the beginning of descent 
establishes a predicted vacuus path. This,, together with predicted" 
atrospaeric effects, cakes it possible to jrediet the apjroitote tepaet 
area. The vehicle is protected agiiiat re-entry heating by a coating of 
suitable vaporizing material: 80 lb of fiberglass-reinforced plastic, 
such as is used on advanced designs of the ICSH nose cone and on the 
-Jupiter nose cone, is suggested, Jsoact survival of the casing, pay- 
load, batteries, and beacon is made feasible by the proper selection and 
arrangement of structural components. Search aircraft are used tq find 
and recover the payload. This means that the radio beacon must operate 

' *fter water impact, and possibly that some type of dye marker should be 
released upon impact. (Appendix S) 
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(Sections VII and VIII, and Appendixes A and I (pp. 23-40), deleted) 



Appendix C 

I, B. Garter 

By aplastics * ^ele about Its lco^itudiasl axii, the attitude of 
Che tody say he stabilized wttii respect to an inertial reference. It is 
of interest to exaaine the effect upon the angular notion of the body of 
external, applied tarries, Such tortus uy arise froa a umber of 
loaress; aerodynaalc forces, the notion of ecnponenti within the vehicle, 
or disturbances during projulsion. figures 1 and 2 define seas of the 
variables of interest. 

In order to siaplify the analysis, a circular orbit has been assured. 
The rotational eqs&Ucns <Sf lotion of the Tehicle, in body axes are: 






I - I x M £ 



(«) 



Iron Tig, 2 the relation between angular rates In body axes and the rate 
of change of the orientation snglts may be deduced. 

£ - u eos ♦ - u g sin t fa) 

7C0S9 m tySiflt+UjCMt (b) (2) 

t - ^ + tan « T^ sin t * « s cos *1 (e) 
The first disturbances that vill be considered are those due to resi- 
dual control system «ronj, With s tonatant spin rate, y , about the 




For o circuf or orbit t $=0 



i longitudinal axis 
Velocity vector 




-Local hor«onlQl 



Fig. C- 1 -Planar trajectory schematic 




X,Y,Z, inertic! jyslem 

i Longitudinal axis of (he vehicle 



Fig. C-2— Orientation angles indicating angular positions 
of th« velocity vector and longitudinal 
axes with respect to an inertial reference 



loagifra&iBal axil, and vith bo disturbing torouas, Kg,, (1, bnde) haw 
the fonoirtng solutions: 

» y - ^ «• R t ^t + ». .to S x ^t (3) 

u t » m s CM S x i^t - il lln B s i^t (») 






Introducing Sos. (3) and (I) into So, (2) yields 



9 * So + ej-jZtjZcMS^+JilnSjt 



e 4 '5 - S 

7 « £ +=--5 I CMB.t+ s i«iiiSt 



*r T 5 



V 



Haxt ^ „ ^_ ( .ai »;,. residual initial errors are denoted by 6 
vito the impropriate subscript. 

Hi obtaining Ics. (5) mi (6), it bat bean eswssd that 8 ml 7 are 
mail eagles, aod that their product and tie products of their tine deri- 
ratiras nay be neglected. Be Talidity of this ajiuojtiai depends spas 
tiie -egnitude of u^ is Kg, (2,e) as cohered to the reaainjflg teraa on the 
Pi$it hand fide of the equation, 

. Be angle of attack, a, il of interest since it indicate! the departure 
of the tagitudinal axis of the vehicle fraa the local horiicotal. Vita 
the assuapttai that, orer the rang- of ^ of interest, 7 falcate sail 
males, the rigid body angular action «lth respect to to* wteitj rector 
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la the absence of aerodynaaie or other disturbing torque* aay be readily 
detentiasd. (see figs, 1 *ad 2 t ) 



o - + 5 t+~ecsHt+.2sinBt + (a ft + £-A (7) 



- -yS cos E^t + gE sin B^ + 6. + ^ 



vhere a ii the desired attitude of the 'body at tie initiation of the 
problfiBj and € j £„, £•, and €• are the residual errors in a and p end 
the rates of change of those angles at the end of the orientation control 
period. 

As KftUd be expected, tfth all of the ecctrol error* equal to sero, 
the body longitudinal axis if stationary vlth respect to an inertia! 
reference. HowTer, an ezaainatian of the abore equations Indicates that 
with rate errort present, the usual presessicnal aotleu of a spinning oody 
will occur. 

Consider nc* the resultant ewe? in 9 and 7 canned by this precession. 
Tor the error in 9, €# values of 1 /tec to 3 /tec sill be atsuaed, this 
performance is cosparable to that obtained In the attitude control of 
current Tsbicles. A tladlar value vill be attuned for £.. The angular 
position arrow, £. and 6 . sight be as large as 2°, With fi and y mall 
angles, the vehicle orientation error due to residual rate errors is; 



Buchheim. R. tf,, 'Lunar Instrument Carrier— Attitude Stabilisation, ■ 
BK-1750, June i, 1956 (Unclassified)* 
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Figure 3 laminates the awner la ihich the entelos* of &JL Tories a* « 
function of the psraaettr S . 

At the mfl, of the ecotfol sad stabilisation period the Tefaicle is 
boosted to orbital speed* Kith t&e thrust axis ximHgned fcy s snail 
ingle, 5, a disturbing torgpe ii applied to tia craft. 



«,- T 'V 



(W) 



vfeere T is ^ thswt, ted 1 is the xaent ara. 

With «ro ft***»i cenditicas, Eg.. (X, h and c) sew have the foHcFuifg 

solstices: 






(11) 



lis 
i- 1 

"nw 8 £* itg » sod S * —f — • 

It ii usuned that the thrust ii applied ts a. itap function, Bhih, 
Eos, (11) and (12) en nlii up to thft end of the Durnlng period, t^ a S&en 
t > t. , il tad iij taw the foUoning foa: 



*i.» 



x r i 

"y * IB a ,ta *Ws c0 * R s u x* * ' CM VA " 1 ' ,ln Vis* 



(13) 




F c _3— Totfll ottitudtf .rror « o 



function of spin i 



1 1.5 



111 r -i 

jy— (cot l^tj - 3.) CM t t ujl • (In HjOj.tj >ln S^t (1A) 

leiiae t >0 . (Zero time «4afiM4 « tin «a4 it taraias.) 

artndnslig Zp. (a) «4 (12) Into Ij. (2, «,!> m4 c) jlcMj 
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lis 

'■• * ngr p a (b) (15) 

P^ » ilB B s i^t <PM * + (l » eos B t « t) lia f 
p g « «Sn S^t *ifl f - [1 - eo* B^t) cos t 

m the cm« cf S%. (I5)j the T»ttdity of * nail angle wlutioa 
deyends open the aagpitud e e? 5f B/l Hsl * It i hpuld be noted th»t 

tMi tern aay'te ittee4 "by rt&Blng Hut thrust *M Incrwutog the turning 
time iaah that the total itoqpulse main* ecostsat. 

- A jrccedsre that Bay be follcrtfcd la Staining soiutioM to £5, 
(15, », h «p4 e) i» to expand f is tens* of & Baylor series la one of 'tie 
psiaoeteri c£ 'SS^i/l R ■ , BWi 



(t^i 



♦ (*.») ■ W f 1 »+? rl «'♦•« M 



«ith i little laaipulatlcn, i mj 1» ollnireted trcn !j. (15, t «ad e) 



♦ ■ TTT '1 J^tt-n/ £♦ ft-*) 3 



(17) 



Jrot So.. (17) tte Hut three "tenu of the eipjiaiso of Iq. (16) ray ie 

deteadiwl. Bin: 



a 



:{\-D 



iR„nJ 1 «^. ~5 



-- -| stout- 1 „. ,. , -v[ Ht»,t 



rrrrg 



(18) 



- s?r ito(» +BJt*-E. 



•In S St (0) 



Ja outoatln of 15. (18, i,», and e) todleatet that the tint iftut ot 
tht staUsnut torque appears In the coefficient of a 2 , tal eee«i»te of 
a ten linear In tlae plot an oscillating eonpment. 



1 iik_f (It V 



IfctOTjaciag ! 9 , (19) intoJSq, (i;,a) md Intsgatlng jjdii 



.♦*w& 



\|"N , "1 



+ £? Vh\ 



(19) 









iW^ 



Ftcb Bi, (20) it CM be teen thst the disturbing torque influences Iwth the 
aaplitude and the jeriod of the pitch oeciUation. 



ConMMhj Sq, (15,1) and e) jielda: 



'l ^S 



.IBT %'♦«♦• ^ 



Iquatlta (31), upon coniideraticn of Ij. (18) aid go.. (15), »ay oe redtced 
to the Mlovtag fora; 



. „ 5 V i f^, 8 ' 



|.{cw8 ][ t-l) + (l-eo.^t)| p 2 
(22) 



Integrates Bo,. (22) jlelii: 



^[v] 



•\iv^^yvw, 



*v 



If teio* t$ to 5 *re retained, then the pitch tad jav errors due to thrust 
ai84li©iaeat *t the end of the tasRsiag period are; 



^ [ool (a, ♦ ,.) (j, - l] ♦ i^ [l - oos K + ») t„j 



(») 



»o " *B ^ft, +">■*« "\> •*>(«, ♦"'S 



(25) 



As examination of Sob. (afc) and (2?) indicates that, for a taom nlaallgn- 
aeat angle, u9 and A7. ■«? be eonatrained to be »ro at t_ for any 
Sertleular reticle dealgo, reesrllein of tie value of 4 aid A , Ttoa, 



^ ♦„.&♦& (27) 



iters n i« la evei Jategsr. . 

Brtwdiieiag the eiprejjion, for u glTts »itt 15. (a) into So.. (27) 
jieMa: 

1 s z « \ ib j ur) m 

Be ratio, -j- lay le found la terai of il «ai t, fcy labtracttag 2q. (26) 
fron Eq. (27), Bm», 

to ajproriiBte ittixttm of Jo., (29) lay ie found ty emmiiag u In a 
Taylor «ri« la 8. 



utas v is the total lHJulK. 

I 

Toe ratio •*• it 



"A t. 2 ?7jLo\ 8 / \ 



Figure K ie s. plot of the required u and I /i as & function of the burning 
tine for the case in vhich n ii 2. 

fiie thrust nisallgnaent angle 5 is, of course, only faiowi In & sta~ 
tistieal tense, Figure 5 show; the T&ri&tion of the errors in e and 7 
u *> function of 5. In this particular case, the systra has "been tuned 
such that the errors in pitch and jav would he sero at the end of 1 
5.9 second burning period 

Fitch and y»v errors nguld be expected at toe end of the turning 
period due to errors in the spin rate, the turning tine, and in other 
paraaeters, such as i/l. Since the naaents of inertit of the vehicle say 
he carefully sdjnsted prior to-flight, «ly error* in 8 and 7 due to Aid 
and At_ vtli be considered. Ems 



(32) 



- (3= 
+ \ |l.«s(^+ji)^l +A sin^ + uJtgiE^ + u) 

Howver, for a tuned systes, $). is icero for small errors in u , 
Similarly, A9.* is lero. St the case of the yw angle, 7, the following 

errors vould be expected; 

and 




Burning li«. '. '"" 

,.- „f wh'tcle porometers 




fig. C-5— Pilch ond y.ow error angles at the end 

of burning as a function of the thrust 

misalignment errors 
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Fros the definitions ftf A_ , A and ji upon page 8, It Is 

that &7.. is also cero, *hile fir. it approxisately xero. 

jtfter the turning period is orer, Eq,. (13) and So., (it) give the 

ocdy rates, ^l. tod u . Iobbth*, free the definition of R , tnd from 

Eos. (26) and (27), it can oe seen that R^- tL la equal to at radians. 

55ms, u and « are sera far t > t_, 
y % a 

Of course, the most direct asproach in reducing the lagnitudes of the 
forced errors, in 9 and 7 i» to increase u , yor large rahies of the spin 
rate, the amplitude eeastants> A_ and I , approach, sert, and it ia 
not necessary to adjust the periods of tiie oscillations. 

Howver, system operation dictates & spin rate of approxtEately 2 
radians per second. Thus, unless the required inereaent in speed is, oy 
design, kept aaali so that, in turn, the aitaligiaent torque is mall, the 
periods of oscillation should ee tuned to ensure tedl errors after the 
propulsion period ia orer. 

the next effect to be eiaginwd ii that of residual aerodynanic forces. 
Ftoh consideration of Pigs, 1 and 2 In conjunction uitb Eos. (1) and 
(2), the following equations say be written: 

5*^-^{^+te) + tf + ^)tt-\^) - (35) 

i 
p + ? ? - -f- (L & +DP) - (a + fy (J - H^) * (56) 

Acre L is the lift force due to a, acting perpendicular to V, 

k i§ the lift force due to p, acting perpendicular to V, and 
p is the drag force acting along 7« 3a obtaining Kqa, (35) 
and (36), all angles except y are assuoed to be 'siall angles.' Thus, 



>* - 1 e^f w « 



ft) (57) 



D - | pv 2 *^ % W 

Dpon adopting a circular orbit, and letting y » u , Hq, (J5) and Bj. (30) 
bare tne following fern: 



Bit iolaticni of Sqs, {38) and (39} say be readily obtained. 



5 — 5- ito ».t + , a a. 



V <*o) 



2 2 2 2 2 

. iii ^v^v hh\h*"t 

(tt) 
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*s " h. + -r-r 



■-^^(vJ) 



As tie aerodynaiaie effects Decern negligible, tbe parameter z, approaches 
tero, utile tj approaches S^ It the satellite In a tw day operational 
capability, then the mrlrnn Talus of t is 5? tiia order of 1.75 1 10** 
seconds, for the angle j_t to main mall ores- this period of tine, tt 
ii necessary that 1, haw > lassitude not greater than 10 . Bra 



*=P 



(te) 



Hgare 6 is uplot of ^ , the ratio of the static lorgin to the' 
pitch-yav soaent of Jjjertla, as a function of altitude sith the restriction 
iapoted hy Sq. (k2). 

At £ typical exaiple, for an erhlt altitude of 800,000 feet nith S 
equal to one and nith I equal to 20 slug.ft 8 , the center of lass and the 
center of pressure nay have a Kgto m separation of 0,515 Inches to ensure 
that torques dne to aerodynaaic effects are negligible, fflth s_t a nail 
angle, Eq, (!«)) and !q. (1(1) hare the foUming fom 



t T 



W) 



75 "" V 



m 




Attitude (thousonds of ftl 

fig. C-6— Permissible static margin as a function of altitude 



Tbua 5 ii approsittstely equal to Lt , unile g is ipprorLmately tero, 
ifcieh Is the result indicated by 2os, (7) and (8) for the cue of zero 
initial errors, 

Disturbance* -which arise due to the notice of internal cempoaenta 
■ay be slnioi*ed by the proper gjaeeaeat of such gear. As en exasple, 
toy rotating aacbiafiry should be placed, if possible, vith the exes of 
rotation coincident vita the vehicle's longitudinal spin axis, Eke notion 
of such equipnent nill then cause perturbations in the spin rate, hut sill 
not exert aouects inieh wuld result in a pitch or yaw motion. 

If it wre required the sjib rate could he regulated by the use of 
a reaction wheel. 

Other disturbances such as those doe to ■eteor inpact snd Magnetic 
field interactions ssy occur. However, the foraer event appears to be - 
very anlite3y, while a prelipinazy exaaicaticn of the latter effect indi- 
cates that for the vehicle under ecMideratlon, no significant errors 
should develop during a two day operational period. 

Thus, the expressions for the total error in Q and 7 «re; 

fly n +^ + 0.707 AA^t fyi Ar^' . («) 

In order to evaluate the root sua squared values of £0 and Ay, the 
following values have been assumed: 
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6 e - i y . 1 0.033 rai 

€j . £. . 1 0.035 rad/sec 

i^ » 1.957 r»d/see 

^ » I 0.035 rad/sec 

T " *#> 
*5 - 5.9 «« 

T^e preceding values, in conjunction vita Figs. 3 and 5 and 2qs, £1(5) and 
(W), yield: 

i8 m • 0.03T rsd ■ 

4r m ■ 0J09lii 

Be prtaary source of rate dlsturhaaces li toe Mtlal residual error rates. 

iS • if » 0,019 rsi/see 

Prom til* point of Tiev of the operational recuiiemjnts, the Attitude 
stabilisation of the vehlele po«e« no particular difficulties. Da assured 
performance of the orientation control system Is within current capabilities, 



(1.) Buchhein, R. W., 'lunar Instrument Carrier—Attitude Stabilization, * 
Ihe RA8D Corporation, Research Memorandum RH.I73O, June 4, 1956 
(Unclassified). 



Appendix D 

GUIPAHCE ACCURACY BBQjHB£H3iT3 

J. H. Huntzieker 

The inaccuracies that may be tolerated in the ascent guidance syatea 
Can be related to the design altitude, which in determined by a canpronise 
of the desire for large scale and Che requirement to keep aerodynamic 
forces negligible during the operation. One problem which should he re- 
solved during the satellite test program is the determination of ait 
density as a function of altitude; with these data a minimum operation 
altitude can be established. 

For purposes of determining guidance tolerances a design altitude of 
750,000 ft (1^2 mi) has been selected, with permissible variation being 
+250,000ft {47,3 aij. At these altitades aerodynanic effects are naninal. 
If the variation in altitude were to be considerably reduced the design 
altitude could, of course, ba levered. 

This acceptable range of altitude (142 +47.3 ni) can *>* interpreted 
in terns of ascent guidance requirements in the following maimer: The 
ainiaisn or perigee altitude (h ) and the aaxamm or apogee altitude (h ) 
are uniquely determined by these conditions at the end of final, or third- 
stage, burning; the magnitude of the velocity (▼,), the direction of the 
velocity vector with respect to the horizontal (t.) and the altitude £h_). 
They are related by the following equationei 
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r, - h, ♦ r (r « radius of the earth) 

H ■ E *■_ (g ■ tha gravitational constant) 

and the orbital accentiicity a is dafined by 



l-(2,T 3 2 r 3 /,:)-^- U (3) 



Figure D-l presents h and h as functions of at, for varying 

A3C, vhereav- - v, -t (t - circular Telocity at l^mi) andAiC • "^ 

(i.9,, 3*- for a circular orbit). This figure does not include the 

effect of errors la the altitude of final burning (Ah,)* This effect 

can be approbated by 

dh dh rt 



% *3 



Figure D-l will yield a measure of the inaccuracies which are 
tolerable in the control of the ascent trajectory, but this only in- 
directly. For D-l to be Beaningful in terms of the performance rsquired 
of the guidance equipment it is necessary to examine the flight path to 
determine where errors originate and how they propagate to the point of 
final thrust cut-off (Point 3). 
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Fig. D-l— Apogee and perigee altitudes related to errors 
i, ..:.-. . in the magnitude (AV 3 )and direction (Ar 3 ) 
of final burnout velocity 
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Figure D-2 illustrates a representative ascent trajectory. At Point 
1 second stage burn-out occurs, followed by orientation and spinning of 
the third stage. A long coasting period (about 4800 n si) takes the ve- 
hicle from Point 1 to Point 2 where third-stage burning occurs. Point 3 
is the point of final burn-out and hence the initiation of orbiting. 

Inaccuracies in guidance prior to Point 1 will result in errors in 
altitude, Telocity, and direction atJPoint 1. Each of these errors con- 
tributes to errors in all three quantities at Point 3^ Errors are also 
introduced by iaaeetirsey in tea control of the BSgnitude and direction 
of the Telocity increment added between Points 2 and 3. Due to the small 
amount of velocity added in the third stage (approximately 300 to 500 
ft/aec) the effects of those errors should also be small (e.g,, if the 
velocity varied by + 2 per cent and the direction by + 5 -degrees- the re- 
sultant errors in final cut-off conditions are + 10 ft/sec and + 1*7 nils, 
which, if added with zero correlation to the errors originating at Point 1, 
will be negligible,) " •;••■■■■"-'•, . ■■■ ---J;" ■ :-\\ 

The assumption was aade that final burning occurs at a constant range 
angle measured f roa Point 1. If final burning were controlled with a pre- 
set clock, further errors would be introduced by inaccuracies in the clock 
and by variations in the time required to reach the desired range angle, 
"The latter introduces an error in range angle of less than 10 miles.' Compa- 
rable accuracy in the time base would require a -clock accurate to about 
0*1 per eent (-"SO sec/day). These effects will be insignificant relative 
to those caused by errors in second-stage cut-off .conditions. 

On the basis of the preceding considerations .the raaaiiider of this 
study was restricted to an examination of the propagation of errors from 




Fig. D-2— Representative Ascent trajectory 



Point 1 to Point 3 (nearly identical in spaca to Point 2). During the 
coasting from Point 1 to Point 2 the vehicle follows an ellipse described 



* " U<1-«COS0) ™ 

where is the range angle measured front the apogee of the ellipse aid 



The symbols v*,, r,, and 2C are the design conditions at Point 1 as 
indicated en Pig. D-2. The values at,, at, and A >1 are calculated at 
a point down-range $S radians (0 is the design coasting rangs angle - 
see Fig. D-2); #, will bs equal to jt +' $ (ji, being negative inasnuch 
as the apogee is down-range Iron Point 1). 

In addition to Sep. (3) and (4) the following are used: 

(« 

(7) 
The final errors are than 

4 VV T d2 < s > 

4'3 " V r c2 (9) 

A*" 3 ■ 2$ (10) 

Tl»se m calculated for all combinatione of a range of rallies of 
AT 1* Ar l ^ A ^l* Representative results are plotted as Pigs. D-3, D-t 
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and 0-5. As can be seen, the relationships are quite linear within the 

range of interest and can be approxteatad by 

av 3 * .3.5 x lta^ - 0,75 ATj-10" 3 ^ (11) 

Ar - a,lxlO"A^*l,5xl0 3 At 1 +2Ar 1 (12) 

4^ - 0.1 A ^ * 7.5 x 10' 5 ATj - 5 x 10" 8 a^ (13) 

A marked negative correlation exists betwesnAV, and ar,, the net 
effect being to Halt the variation of h and h of the final orbit (see 
Fig. fl-1). This is further demonstrated by the inclusion of at* on Figs. 
D-3, 0-4 and D-5, where if* is the velocity error defined with respect 
to the actual altitude at Feint 3 rather than the design altitude. The 
value of at* is in general only a fraction of at,. 

Based on the foregoing we can stipulate the'approricfite accuracy 
required of the first- and second-stage guidance eqoipment. In older to 
establish an orbit which will reaain witMn altitude limitations of 
142 + kl ni we could tolerate probable errors in velocity of as &uch as 
+50 to +75 ft/sec and probable errors in ingle of up to *k to +6 ails. 




Fig. D-3— Errors in altitude (Ah), velocity (AV),ond flight path 

angle (A?! at point 3 due to errors in flight path angle 

at point I (A?;) 




Rg. D-4— Errors at point 3 (AV,Ah,AV* and AX 3 ) 
. . caused by errors, in velocity at point I (AV|) 



AV,"A?fO 




Fig.D-5- Errors-arp'oinf : 3 (AY; Ah, Ai?t"find AX 3 ) 
caused by errors in altitude at point I (AV.) 
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Appendix E 

turn warns 

B. A. Lieske 

The lain features of the orbit of this proposed system 
are the inclination of the orbit and the spatial orientation of the satel- 
lite vehicle: the orbit Is to be in a plane passing through the poles, 
and the satellite Is to he oriented so that its roll axis is horizontal at 
a latitude of 55 deg — that is, the roll axla is at an angle of 35 deg 
relative to the equatorial plane. A polar orbit requires that the satel- 
lite he launched in a southerly direction frca Canp Ceoxe (latitude %S deg 
ITertb), and that the roll ails of the satellite be oriented so that it la 
horizontal at a latitude of 55. deg Sooth. K the final orbital velocity 
increoant is to be added at 55 deg latitude south, the total ascent Is 
apprcxinately 5I1OO n ad. Biat Is, this satellite ascent path la equivalent 
to the first half of a shallov lalliBtic cdosile trajectory of about 
1D,000 n at total range. Siis ascent path vill require the Esxinua perfor- 
nsnce capability frta the booster ccsblnatlon. As alternate aethod of 
establiahing the orbit vith the correct satellite orientation vill be 
discussed later. 

the launching vehicle for the satellite consists of a tiro-stage booster 
eonbination. - the Thor and the second stage of Vanguard - plus a smll 
solid propellant rocket of the Vanguard third-stage type to give the final 
orbital velocity increment. The booster stages are described In Appendix F. 
Hie vehicle parameters pertinent to the performance study are repeated in 
ftble 1. 





Ittle 1 
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Biess gsraffleten were used in the trajectory analysis. 
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The burnout velocity of the booster combination was approximated by 
use of the theoretical velocity potential of each stage Hinua the approxi- 
mate values of the velocity losses due to drag and gravity. The velocity 
loss das to gravity during the Thor powered stage, flown on a gravity-turn 
$&th, is shown in Kg. E-l aa .a funetioa of the first-stage-burnout path 
angle. The velocity loss due to drag for a nominal configuration is also 
included. The second-stage gravity loss is given In Fig. E-2, also for a 
gravity-turn path. The curve of first-stage-burnout path angle is included 
to relate the two figures. 

An average specific limulae ratio I/l Q » 1-13 «*s used for the first 
stage* The second stage operates at altitudes above 300,000 ft bo that its 
drag deceleration will be sail and is neglected in this analysis. The 
second stage specific impulse vill be constant at the vacuus value of 
378 sec. 

The approximate burnout altitudes of the first and second stages are 
given in Fig. E-3 as functions of second-stage path angle. The first- and 
second-stage burnout ranges are approxiaa.te3y 90 sad 450 n mi respectively, 
for trajectories xaich are nearly horizontal at second-stage burnout. 

The final burnout. velocity, at a given path ingle, is given by 

\ - - $ !% ft - v l> " $2 H (1 - \) ■ <\ - \ - \ 

where the propellant-gross weight ratios v, and v„ are determined frco the 
assumed second-stage paylcad weight and the data given- in Table 1. 
The second-stage payload veight is given by 
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Second stage burnout path angle, y , (den) 

Fig E-2— Velocity loss during second stoge 
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Second stage burnout path angle, v ,(deg) 
Fig. E-3— Burnout altitudes 



79 
with a propellent - total K;tor weight ratio v of approximtely 0.75 (see 
Appendix f), and the required v wine confuted from the orbital Telocity 
Increment wing a specific fcnniln I « 2k5 see, 

Bse ascent trajectory for as orbiting weight of 300 lb launched from 
Gasp Cooke directly into toe orbit at 55 deg icuth latitude is shown in 
Fig. £»4. {This ascent trajectory vaa ocaputed for a circular orbit at an 
altitude of about IfiO stat ai.) Bis total booster velocity potential, vith 
a second-stage psylosd weight of 350 lb, is 29,350 ft/see which is decreased 
to « burnout velocity of 25,700 ft/ia* by the losses due to ding and gravity 
on this Bhallov trajectory. Bie second-stage-burnout path angle is 2 deg 
at an altitude of 335,000 ft, resulting in an eccentricity of about 0.035 
for the free-flight ascent ellipse. She circular orbit Telocity inoreasnt 
required for this trajectory is only 450 ft/sec, *hich is typical of a long 
range satellite ascent trajectory/ She solid rociet ootor for this orbital 
Telocl^.increaent'will weigh about 25 lb. Die total required Telocity 
potential of the three powered stages' is £9;800 ft/sec for this ascent 
trajectory. 

She effect of total ascent range on the allowable orbiting weight is 
shown in Fig. S-5- It can be seen that the allowable orbiting weight for 
this vehicle ccoibinatlon could be about to) lb, or an increase of about 
30 percent, if the ascent, range vers about 2700 n.Hi, or half the range re« 
quired for launching the aatellite frca Caap Cooke aei entering the orbit 
at a latitude of 55 deg South. 

The relative velocity contributions of the booster cooblnatlon and of 
the final stage will vary as the ascent range is changed. As the ascent 
range it decreased, the required orbital velocity increment is increased 
while- the booster velocity Increment is decreased. Be net result is an 
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A<4ra=«0ft/s« 



Fig.E-4— Typical ascent from Camp Cooke 
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Fig.E-5 — Orbiting weight vs ascent range 



increase In the allowable orbiting weight as the sscent range is reduced to 
a owe nearly optima Talus for this booster combination. 

The lover horizontal scale of ?ig. &-5 indicates the corresponding 
latmch latitude for orbit entry at 55 deg Sooth. For eaaple, if the 
launch lite vere at a latitude of approximately 10 deg Sorth (ESoana), the 
allcmble orbiting veight for this booster coabinatloa sould be increased 
by about 10 per cent. Alternately, if the orbiting veight vers fixed at a 
value of 300 lb, a snail perforaance aargin vould be available* 

Another possible ichene of establishing the satellite in an orbit vith 
the required vehicle orier*ation (horizontal at 55 4eg South) it sketched 
in Pig* E-6. The trajectory parsaeters at second-stage burnout are such 
as to lead to a free-flight ellipse vnlch has an apogee altitude acoevhat 
.higher than the required -orbital altitude at a shorter distance frcn- the 
launch ait*. After second-stage burnout, tiie satellite vehicle I« oriented 
correctly (roll txia at 35 deg relative to the equator) and spun to the 
respired roll rate. Shea the Tehlcle coasts up to the required orbital 
altitude at an inteiaedlate latitude, 1., the third stage, vhioh is oriented 
as stationed above, adds the appropriate Telocity increaent to the vehicle's 
velocity in the ellipse bo that the resultant Telocity ia directed hori- 
zontally at tfeat point vith a mgnitude equal to the required circular 
orbital velocity. Toe final velocity increaent required for this method of 
orbit injection will bra somewhat larger than the value required for in- 
jection at 55 deg South (?ig. E-M, » that the final-stage gross veight 
viU be increased slightly. Be variatlon'of orbiting veight vith range to 
apogee shovn in Fig. £-5i hovever, is such that the required veight increase 
snay fce coopenwited for. 




Fig.E- 6 -Alternate satellite ascent 
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VEHICIB EESIG3 SUMMASI 

S. C Beffera 

raST-STJGS_BQCg^ 

Thor (WS-315) ISBM is used to previa the initial rocket-powered 
boost for the proposed satellite. Based on a preiininary 
review of the Thor airfraae and its aajor components and systems, it 
appears that «n upper stage, or stages, weighing 5000 lb could be placed 
on the Thor without ncdifieatiim to the basic airframe and its primary 
eoapaneats. The estinates presented in this report are intended to out- 
line the more basic considerations associated with the use of the Thor 
as a. first-stage satellite booster^ and are not intended to reflect a 
complete analysis, 

_ for the trajectory analysis presented in Appendix S, a weight sicaaiy 
of the Thor missile is given in TablaJ*, These data are based on informa- 
tion contained in Kefs. 1 and 2. 

Table 1 '_ 
H5ICHT 5UHKAHT - THOR MSSIB (lb) 

- ",- Structures Group ......... , ; . , ■■, , 3O6O ■ 

Propulsion Group 238O 

Guidance and Control Group* 1565 " 

■* ! ^-'Separation System-, "i . „ , . ', ,"Wv. . , 30 
Electrical. System*.-. ...,,, i ,-. s . ... , . 200 

Dry missile - less upper stages .......... 7235 

Unusable Propellents .......... i^ir- 1525 ■..-■ 

Preesurization Gases 372 

a 1 *? r>- '-7 Bum^Kit Weight-- less upper stages ; ; VV"-; :s ;v , ; , ", 9132 

Usable Propellants ..,,.,.. 97,030 

Tske-off Weight - less upper stages 106,162 

*Hcdified weights - see discussion below. 



The modified guidance and electrical system weights are due to the 
omission of the ACSP guidance unit and a portion of the vender system 
for the satellite mission* Simulation of the guidance unit reflects 
& weight reduction in the electrical power system, as well as in tie 
guidance system, because of reduced power requirements. (It is assumed 
that the required electrical power is obtained from the same type bitter- 
inverter power source used in the early Thor missile. ) Since Tender 
rocksts will be required only for control during the main-rocket boost 
in this application, the vernier propellant tanks say be omitted. The 
allowance for unused propellants shown in the table includes a 1 per cent 
reserve for propellent utilisation errors. 

Although the axial loads resulting from the 5COO-2b upper-stage load 
(the design re-entry-body weight is 35OQ lb) are estimated to be within 
the load-carrying capability of the Thor airframe, the increased length 
of the upper .stages may result in a larger airload and larger bending loads, 
¥hich nay require localized stiffening in the 'guidance section and in the 
section between the tanks* Because of the differences in the dianeter 
of the re-entry adaptor ring and the body diameter of the' upper stage, 
it maybe desirable to consider a modified nose, or guidance, section 
for the Thor missile. The actual design of this section would, of course, 
be determined by the actual design choice of the upper stage* If the 
second stage of the Vanguard system is used on the Thor booster, this 
guidance section say be modified as shown in Fig* F-l. 

SHg)NS-3!TAGE BOOSTER 

The second-stage of the Vanguard vehicle is utilised as an example 




XSM-?5«ithVonguard 
and' satellite stqge 



Fig.F-l — General arrangement 
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of the type of vehicle, and the performance required, for adaptation 
to the Thor airframe for satellite missions. Although other sdssile 
components could he included for this application, it isbilieved that 
toe Vanguard second-stage could be available at an earlier date and would 
have a greater flexibility than other components ; for example, 
' a modified Sergeant-type solid-propellant booster with a special control 
Bysten added for vehicle orientation after burn-out. 

The Vanguard second stage consists of a propulsion package manu- 
factured by the Aerojet*General Corporation and asseabled into a ccaplete 
second stage fay the Martin Company with the addition of the guidance 
(autopilot) and control components* The basic ascent trajectory and 
sequence of operations for the proposed satellite are predicated on many 
of the features of the Vanguard design. That is, there are two phases 
of powered flight, followed by a coast period during which the aissile 
is oriented and the third stage is spun around, its roll axis prior to 
third*stage ignition. The weight of the satellite package discussed in 
the following sacion, 300 3b, is less than the weight carried by this 
section in the Vanguard vehicle (approximately 50O lb}* 

Tbic summary discussion of the Vanguard second-stage vehicle, and 
the performance data presented in Table 2, are. based on Eefs. 3 and in 

The propulsion package (Aerojet AJ-10) includes a 7500-lb thrust 
(vacuum conditions) rocket engine using unsynmsetrical diaethylhydrasine 
(ODHH) and inhibited fuming nitric acid (WUNA) as propsUants, The en- 
gine is ragenaratively cooled and is global-mounted to provide thrust 
vector control. The propellents are praesure-fed to the thrust chamber 
by the pressurizing gas (helium augmented by a solid gas generator). The 



Kskht Data 



Structure 150 

Powrplant (including tanks) ... 450 

Controls and guidance . , 270 

Electrical system ......*.* 150 

Diy missile weight (leso opper stags). . . 1020 
Besidnals 60 

Burn-out vaight (lass upper stage) .... 1030 
Usable PropaUants . , 3320 

Gross stags *?ight UOO 



Pe rfqnance Data (Yacraim conditions) 

Thrnft '"•'"'• TV'. . ," v ?500'ib ' 
Spacific inpulue-'. . .•••278 w 



prossurization system (helium tank) is located between the propellant 
tanks. After main-stage burn-out, the residual pressurizing gases are 
used in the control jets for orientation control during the coasting phase 
of the trajectory, 

the second-stage structure includes an aft iklrt, tank section, and 
the forward instrument and bousing section. The tft section is constructed 
of a magnesium alloy, while the tank section (with the integral pressuriza- 
tion sphera) ie heat-treated stainless steel. The forward instrument and 
housing section are of a magnasiua-thorium alloy. This section houses 
the guidance equipasnt, the spin assembly, and the third-stage solid pro- 
pellant rocket. The satellite. (orbiting stage) is attached to this 
section as shown in Fig. F-2. 

THTBD-STASS SOTO 

ttw long-range ascent path for this type of satellite requires the 
addition of only & small velocity increment (about 450 ft/sec) to place 
'the vehicle In orbit, A shorter wcent path would permit a heavier pay- 
load to be carried, but the increased fiV required for the orbit would 
call for a larger unguided solid-propellant rocket than is stipulated 
here, with attendant undesirable increases in angular and velocity errors 
(see Appendix E). Uncertainties in the total Ijnpulw of the solid rocket 
(about 1 per cent) could be expected to vary the actual velocity increment 
by 1 per cent or about 5 ft/sec for the selected trajectory, which can 
easily be tolerated. 

The design of the solid third-stage rocket is based on a thortaned 
Stale-Sergeant case and grain using Vanguard third-stage propellanta, 
which gives 245 sec specific impulse at altitude. The propellant weight 




Fig.F-2- Satellite and third stcge rocket 



of 20 lb with an inert weight of 6 lb will give the required velocity 
Increment of 450 ft/sec. 

SATSUJT3 STAGS 

For this discussion, the satellite stage is divided into three 
major components: the payload installation, the rpcovej-y system, and 
the structure. The payload equipment... is considered to be packaged 
in a short cylindrical section (35 inches in diameter, 6 inches in 
length).... A list of the components and the estimated weights are 
included in Table 3. 

The recovery system Includes the tracking and recovery beacon, and 
the retro-rocket which is the 'heaviest single coDponent in the satellite. 
For Bissplicity it is suggested that the entire satellite be recovered. 
As larger payload is incorporated, 'it may be desirable to recover 
only individual packages, allowing a greater percentage of the 
satellite to be utilized for useful payload. 

For the dssign proposed in this report, the retro-rocket delivers 
approxijiately 1500 ft/sec velocity increment to initiate descent fron 
orbit. The Sacle-Sergeaat motor is adequate for this application. Weight 
of the retro-rocket is about 22 par cent of the total weight of the orbiting 
stage. Table 4 summarizes the weight breakdown of the recovery system. 

The basic configuration of the satellite is a modified double cone 
with spherical ends as shewn in Fig. 2 on p. 6. The forward surface is 
covered with a plasfcic-fiberglas material for heat protection through 
vaporization during re-entry. The shell is constructed of a magnesium 
alloy stiffened with a honey«coiab or foam plastic for rigidity. The aft 



fAYLOAD nSMlMIOH HEIGHTS (lb) 

Payload System ,...,,.,,....,.*,,. 51.5 

Altitude Sansor . . . <" ; "" 8.5 

Motor 0.5 

Sun setsor 1. 

Batteiy . 3.0 

Clock 1.0 



Containsr «... 

Hstal parts 15 



Total Installation Weight . 
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BBCOT3E 3BI3H WEIGHTS (lb) 

Ratro-rockat - 60 

PnpeHauta , , 51 

Inert puts 5 

Tracking bsacon 16 

Beaecn 



Antenna & t 



RscoYsry beacon 9 

Beacon 



jtatsaaafc cabla 
Total Installation weight 



portion of the shell atmcture is covered with a -thin plaatic coating 
for heat protection* A sunoaiy of the ■ tructural weights is given in 
Table 5. 



labia 5 
STBDCTMS >BICHT 51E«Iff (lb) 

Xrtsl aids 15 

But loisld 65 

Aft plastic covering 10 

Flaatic foaa ............ 10 

Total structure vaight 130 
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R. I. Gaoler 

Tracking the satellite will be required Co establish an orbit 
sufficiently accurate for coordination of data, for triggering the 
retro-rocket at the desired tine for descent, and for establishing 
the descent path to facilitate impact location. Because of the 
near-polar orbit, location of trgckiag stations at high altitudes 
will be favored. The required number ami location of trackers will 
be dictated partly by the guidance accuracy on which one can depend. 

Since tracking accuracy deteriorates at lav elevation angles, it is 
Highly important that tts satellite pass utttia a range itaxb penats 
saffleient inscMns data to V obtained at elevation angles greater than 
20°. for a nmrtrml XJO^Ue (statute) hei&t, this requires that the 
satellite pass vithin 5 of &e station (asasured on a great circle path), 
or vithin 3^5 edles ground range. To ensure against guidance inaccuracy in 
launching, it is suggested that two or three trackers fee used in an srrange- 
nest *4ieh generally places t&ea vith a 200 wilt east-neat separation. 
Far a launching froo Can? Coai and recovery in the Pacific, this nould 
indicate Alaska as a favored location for theae tr&ekersj from *ich the 
descent wuld be ecnaanded and t3ie Ispaet point predicted. Ihree such 
tracker* located *t a reasonable 'high latitude'in the eastern part of the 
United States or Canada vould be required to track an early pass for orbit 
'prediction," 

Tracking data wuld » In the fern of two angles and a range to give 
position fixes necessary for orbit jredietion, A ainin&iB of to positions 



and the corresponding tiae are required. Additional tracking data vould 
necessarily be used in reducing the effect of noise error*. The use of 
range infor&atiOB relaxes considerably the requiresfint for angular 
accuracy. To ootain range, a transponder in the satellite is required* 
This, hovever, is consistent vith the recjoireaent for t ccmand receiver 
in the satellite lor firing the ratro-roeket, Jor a Ctf systea, acdtflatioa 
of a eaaand transaitter at the tracker and renodulation in the satellite 
in * ntcner sMlar to that used oy Asms* for range aeasureaest is a 
feasible scheae. 

The frequencies used would, be ncoiually $00 ic far the aaxellite 
transaitter and 200 sb for the-ground-cacoaiid transaitter* Since circular 
polariiatica is required, the satellite antenna wold be a turnstile or 
helical design so.lccated that the inertial orientation of the tehiele rill 
point the axis of tbe astasia toward the tracker to vithin at least 6g°, 
Amplitude nodnlatiaa of the output stage of tbe satellite trausnitter, 
vhica vill hare a erystal-cmtrolled raster oscillator, will perait track- 
ing in angle oy either an intarfercejetejvtype systea or a conical scanning 
tystes. it vould persdt range aeosureaent to be aade by phase comparison 
of the MCdulatigi frequency vhich is trans&itted one vay on a neninal 
200-ae carrier and back on a nominal 500-ac carrier. 

For a satellite at 150 (statute) ails* height on a circular orbit, a 
velocity increment of 1500 ft per sec d*li7ered along the lcagitudiiial 
axis vhen the vehicle is at 65° X* Lat, (over Alaska) Kill came a descent 
to about 200,000 ft altitude in about 6 xdnutea vith input about J.5 
linutea later. If coaaaeded at ty° X„ 1st. the inpact vill occur at about 
32° I. Lat. Generally, it vould be preferred that the satellite pass near 
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the wraith «lth respect to tie tracker ill ee this £ves the nximai amount 
cf useful tracking data, but conventional radar trackers are not giaballed. 
to pexxlt tracking through the lenlth, 

PreliBinary estimates indicate that a tradcer vhich ean neasure 
ingle* to about 0,1 ill and range to about 0,1 at of systematic error, 
vili jerndt prediction of the iapaet point to about 3 r ai if the tracking 
la eceoijliahed after the descent has been eonamded* Angle inforaaticn 
good to about 0.1 oil (systematic error) can be obtained, froa either a 
ecnical-ican systes or an Interfercoeter type, 

A W*tyoe tiinspcnder can be designed nita ssaller space and wight 
recuireaent in tie vehicle thai a pulse ayatea *rtta the required perfor- 
samee. It la eatiBted that a pulse-type transponder csn be adapted froa 
■a existing design and will neigh about 15 pounds' nith pow supply. A 
Ctf-type could, be built to neigh about 10 pounds nith poser supply. 

Since earl? availability la of parauoimt importance, one should pro- 
bably consider adapting an easting tracking radar such a* the ips-1o\ or 
Kile ^silo-tracking radar to do the Job* fills nouM require acdificatien 
of the range circuits, at least in the Ilia, If ens considers the use of 
shipbcnie radars and probably reduced accuracy la prediction, the SFG-H9 
is a good possibility. 

For a recovery beacon it is proposed that a aprlng-ejected vnip 
antenna be extended vertically through the aatelHte shin after inpact. 
Ihe antenna vi.U be excited by a 50 be oscillator Assigned to radiate about 
Q„£$ »tt, Ins signal strength at 50 sdles kouM be about 55 iiT/oeta? 
which should be adaou&te for aiybonw direction finding. She estimted 
wight for this design, for a 3-day operation, totals about 5 pounds for 
the transmitter, antenna, and batteries. 



I EPAHME ?ECM O RBIT 

Descent from the orbit is achieved by the c<maM firing of a braking 
rocket &s described in Ref, 1, Since the vehicle's orientation is ccndi- 
tioned by [geometry], and because of the relative positions of chat area 
and the desired recovery area, the braking rocket is fired forward 
and upward. This results in a downward and backward velocity impulse 
suaeriaposed on the orbital velocity. The resulting velocity vector 
is oriented downward at an angle j with the local horizontal (Fig. 
EKL). The vehicle is bow effectively in a ballistic trajectory 
comparable to the 'low-angle' (i.e.", lover than optiaua) path of a 
long-range ballistic oissile-. 

for the desired range of about 2,000 n si and an impulse angle 

6 * UO-125 , * wloeity Jspulge AY • 1,500-2,000 ft/second is required. 
This yields a resultant velocity 7_s. 2^,800 ft/second and a path angle 

7 » 3-& . Descent frca this point follows a •vacuus* path down to an 
altitude of about 250,000 ft. Below this altitude, atmospheric drag 
effects increase and ultimately predominate over gravitational influences. 
Vacuum ranges are shown' in Kg. H-3 as a function of the magnitude and angle 
of the velocity increment. Descent from the orbital altitude to 250,000 ft 
la acconpanied by a velocity increase to 25,500 ft/second and an angle 



The altitude region where drag becomes laportant depends, of t 
i the drag-mass characteristics of the body. 




Fig. H-l — Vehicle orientation in orbit and 
ot time of velocity increment 
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Fig.H-2-Conditions at altitude of 250,000ft as a function 

of magnitude and angle of velocity increment 

Circular orbit = 150 statute miles 
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increase to j * k or 5 . Conditions at this altitude are thorn in Fig.H-2 
as fractions of the tapulse characteristics. 

Radio observation of the vehicle iaaediately after the beginning 'of 
descent establishes a predicted vacuum path. This, together uitn estioited 
ataospherlc effects, enables a prediction of an approximate impact area. 
The prohleta is similar to that described previously for the recovery of a 
satellite through natural decay of the orbit. " la that case, 
the predicted impact area vas a narrow strip, a fev Biles vide and several 
hundred miles long. In the present case, ths steeper descent results in 
a smaller uncertainty in range error, ginal recovery is aMosplished by 
overflight search. This, of course, requires operation of the radio bea- 
con after the water inpact. 

ASMOSgHSRIC BRAG_AMJ EECE^SRiglQH 

■ The effect of the earth's atmosphere on the vehicle's path and velo- 
city Is dependent both on the approach path and on the vehicle's mss- 
drag characteristics. For even a rather ahaUm entry angle (say 5 or 
acre), the path in the atmosphere is essentially linear • at least until 
after appreciable deceleration and heating have occurred. For this type 
of path, an approximate analysis* ie sufficiently accurate for eetiaation 
of deceleration and heating. By this analysis, the velocity altitude varia- 
tion is given by: 
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The velocity-altitude variation, as given by this equation, is shown in 
fig. S-3 for aeveral values of the drag-Bass parameter, CJV N *in #. It 
is seen that similar curves result, with relative displacaiasntB for 
various values of the drag-mass paraabter c Tie bkIsub deceleration 
occurs when the Telocity bis been reduced to about 6l per cent of the 
initial value. Tie mximuB deceleration is independent of the vehicle's 
size, shape, and mass and is dependent only on the initial Telocity and 
on the entry angle. Por the present case, the maximum deceleration 
amounts to about 20 g's. The altitude d flailaum deceleration is depen- 
dent on the entry angle as veil as on the drag-Ease characteristics of the 
body. 

As in any preliainary design, the tentative choice of parameters 
. involves a cyclic process in which considerations of structure, heating, 
recovery, etc., all contribute to the final choice. Although the reasons 
for choosing various phases of the vehicle design will be developed in 
this Append!!, it is necessary for discussion purposes to describe that 
design here. The vehicle is essentially an ellipsoid with a maximum dia- 
meter of about 3 ft. Shile its orbital weight is 300 lb, about 50 lb (of 
propellant) is used to initiate descent from. orbit, so that the weight at 
atmospheric entry is about 250 lb. Ibis results in a drag*mass parameter, 
CJ^/tf sis 7 = 0.155 sa. ft/lb, which yields the velocity-altitude varia- 
tion shown by the dotted line in 1\%, H-4. A maximum deceleration of about 
£0 g's occurs at 110,000 ft altitude, choice of the weight itemaed from 
booster capabilities and desiredpaylowj. sise-and- shape- evolved from 
considerations of packaging and of heating and recovery. Tie payload, 
radio beacon, antenna, batteries, etc., are. arranged to .preserve entry 
stability and permit recovery. 




Fig. H-3— Vacuum descent range as a function of 

magnitude and angle of velocity increment 

Circular orbit = 150 statute miles 




Ftg.H-4 — Velocity variation with altitude 
for atmospheric entry 



110 



As previously noted, the orientation of the vehicle is controlled by 
a moderate spin rate so that the vehicle Is properly oriented .... 
The original orientation will be approximately preserved during 
the first part of the return trajectory, so that initial atmospheric entry 
sill he rear-end first. By displacing the center of gravity torard the 
front of the body, aerodynamic forces can be oade to re-orient the body. 
The design, of course, should be such that the re-orientation is coi^ietec" 
before heating is appreciable. 

Ultimately the body fills vertically at terminal velocity: 

«■ -£ = = = 

Y tf 2g 
■which results in an inyajt velocity of about 400 ft/second for the- body 
described. 

iS-5KFKg HSttlEEKG AB StBFACE ER0ISCTI05 

Boring penetration of the ataosphere, a vehicle* a kinetic energy is 
converted into thermal energy of the surrounding air. Seas of this thernal 
energy is transferred to the body as heat. The rate of this transfer 
varies daring descent both with air density and vehicle velocity. Heat 
is transferred by both convection and radiation from the hot gas 'cap* 
over the front of the body to the body's surface. The rates of both con- 



A similar problem occurred in the case of the recovery fit a circum- 
lnnar vehicle, v0 A dynamic analysis indicated that, for an essentially 
bactarard initial entry, the vehicle becomes righted at in altitude of about 
250,000 ft. It then oscillates about the desired orientatioa; as the alti- 
tude decreases, theOsciHaiions" decrease" in magnitude aid increase in fre- 
quency. The predicted amplitude was about 10 , and the frequency about 15 
cycles/second in the region of maxims heating and deceleration. 



in 



festive and radiative heat transfer increase vith air density and vehicle 
velocity, and are thus East severe when high velocities are allowed to 
persist into the lover atmosphere. 

Belov about 500,000 ft altitude, the atmosphere is dense enough to 
give an effective continuum type of flow. Here a shock vave occurs ahead 
of the body and the thermal energy- appears in the hot *shocfced' air be- 
tveea the shocfc wave ana the body, ftwcage through the shoefc vave increases 
the air density by a factor of ten or so, increases the temperature ten- to 
fifty-fold, and .causes appreciable dissociation and bods ionization. Heat 
is transferred from this heated region to the vehicle surface by convection 
(and conduction) through the viscous boundary layer and by radiation from 
the hat gas, shen the boundary layer is of the laminar type (say above 
about 100,000 ft altitude), the cbnvectlve heating rate per unit f rotttsi- 
area may be apprcodmated, for relatively blunt bodies, < 



-~ - ; - (3) 



It will be noted that this indicates a variation in heating rate per unit 
s u r fac e area vith the sine of the angle of surface inclination. A turbu- 
lent boundary-layer condition, occurring in the lover atmosphere, results 
in heating rates vhich are higher by about an order of magnitude, 

Swface heating by radiation from the hot-gas region is still some* 
vbat a jatter of conjecture, preliminary vork, hovever, indicates that 
it becomes appreciable only vhen very high velocities are alloved to per- 
sist into the lover atmosphere. For the present case it is judged negli- 
gible. . 
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The beating rate Increases during the initial stages of entry because 
of the Increasing atraospherle density. However, it reaches a mximai 
nine vhen the Telocity has been reduced to about So per cent of its 
Initial value unere the rate of decrease of Telocity overeeoss the rate 
of increase of atmospheric density* Thereafter* the heating decreases as 
additional deceleration occurs. As described more extensively elsenhere^ 
lie aerodynamic heat input can he balanced by, them! radiation from a thin 
■etallic skin providing the heating rate is low enough so that th* naximm 
equilibrlun surface teaperature is allowable for the surface material. 
However, this requires a rathsr light body or a drag-brake device so as 
to provide deceleration high in the atmosphere. In the present case, for 
the safe of simplicity, such complexity is not desired, Skerefore, the 

. 'radiation, technique of. heat rejection has been discarded in favor of sobs 
xsdb of heat absorption. 

One possibility is the use of a thick metallic skin to absorb the 

' heat by temperature rise, 'such a systea is not" very efficient froa a height 
standpoint, however, absorbing only about 100 3tu/liO*' More efficient is 
the use of a surface aaterial which absorbs heat by a phase change. Heat 
absorptions of the order of 1,000 to 5,000 Sta/lh or more appear to be ob- 
tainable through the use of a material vhich vaprozes. , ' For example, 
it has been estimated that the depoiymeriaation of Jeflon will absorb spsk- 
»fcst oore 'than 1,000 Btu/^j o* 2 " plastic materials yield values up to 
5,000 Btu/lbJ" and graphite gives a value la the order of 10,000 Btu/lb. 
Advanced ICBM re-entry body designs involve the use of such ablation systems, 
Md the Jupiter currently uses such a syatem, she required weight of such 
a vaporizing surface material depends on the total heat Input during atmoe- 



pheric penetration. If ve integrate, for exasple, the laminar convective 
heating rate (Eq. (3}) over the time of entry, the total heat load is found 
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and for a surface material having a heat absorption per unit Might, j, 
the weight of cooling system ia foond to be, in ratio to the total weight, 

This equation yields the rather surprising conclusion that the cooling- 
eysten weight regTiixeEEnt increases vith the drag-Bass paraaster, A 
somewhat similar expression can be derived for turbulent convective 
heating. A qualitative picture of the veight requirementa for a cooling 
syeten or drag brakes is indicated in Fig. H-5 as a function of the drag- 
nass parameter. Two m^na appear; one where the drag-aass parateter is 
slightly greater than that which would bring about heating in the lover 
atEOsuhere with conseguert higher turbulent heating rates, the other 
where the drag-mass parameter is just large enough so that radiative heat 
transfer is possible and yet not large enough to require a large weight 
In drag brakes, fo avoid the complexity of drag brakes, the first of these 



This, of course, nresupposes that the ratio w^b la relatively anaOi 
conpared to unity, since the velocity variation, Eg,* (1), assumes a constant 
aass. For larger values of the weight ratio, a meteor-type analysis which 
takes into account the changing mass voulc have to be used. 
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minim was cboeen. The choice, as described previously, is on ellipsoidal 
tody spoilt 3 ft in diameter and weighing 250 lb at the beginning of re-entry. 

Because of the shallow angle of atmospheric entry, the aerodynamic 
beating rates for this recovery are lower than thOBe experienced by an 
ICBH re-entry body, However, tie aore gradual deceleration involves a 
longer tine of heating bo that the total heat load is greater, as e<j, (5) 
indicates* This means that a greater fraction of the total weight is re* 
quired for heat protection. Thus, while only about 5 per cent of the 
total veight of an I£3H re-entry body nay be ablated, the present ea*e 
involves somewhat more than 10 per cent. 

Using a vaporizing material with a heat-absorbing ability of 2,500 
Btti/lb, about 35 ^ of surface material is predicted to vaporize during 
descent. Using t relativaly generous factor of saTety, 65 W of neat- - 
absorbing surface has been postulated for this vehicle. This corresponds 
to an average thickness of about 3/8 in., with ab'out one-half ablating 
and one-half regaining. 

WATER IMPACT FSEBOMEHft ' ^ 

In an initial progr&a for the recovery of the satellite, it would be 
desirable to keep the return package as simple as possible. This would 
increase our ability to predict reliably the behavior of the vehicle 
during its-re-entry, therefore, a minimm of reliance should be placed 
on such devices as drag brakes, parachutes, reverse rockets and the 3i£e, 
just before impact. The satellite must survive impact On return to earth 
and tne radio beacon must continue to operate after impact. 

Analysis shows that the internal equipment can be protected and the 
deceleration loads kept to below 1,000 g'». 
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The pay load ^ beacon and batteries are connected to the forebody 
by means of a properly chosen plastic, ulth properties compatible uith 
toe deceleration loads that can b« tolerated by the internal coatponeutg 
(Kveral plastic materials with suitable coml&lBfttlon of properties are 
available). 
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A frontal (cro6S*6ectional) area of body 

A wrttfit area 

C_ tog coefficient 

3 characteristic dimension of body 

e base of natural logarithms 

g gravitational acceleration 

n altitude 

H Mach iKftiber 

a. heating rate 

Re Heynolds annfcer, dup/tt 

a, velocity' 

u, ' velocity at initial entry condition 

' W mss of body 

z distance 

a exponential coefficient is density relation, < 

p atmospheric density 

p atmospheric density at sea level 

(t density ratio, p p„ 

7 path angle vita local horizontal 

H viscosity 

gjbgcriPts 

IC fo Mn nf connection 
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